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(54) HYBRID VEHICLE SYSTEM 

(57) This system comprises an engine 1 , a transmis- 
sion device 4, a clutch 3 for engaging/disengaging the 
engine 1 with/from the transmission device 4, a rotation- 
al electric device 2, a power transmission mechanism 5 
for inputting the rotation of the rotational electric device 
2 to the transmission device, and an accumulator ele- 
ment 7 for accumulating electrical power supplied by the 
rotational electric device 2. A control unit 20 determines 
a gear change instruction for the transmission device 4, 
and if gear change instruction is determined, it disen- 
gages the clutch 3, and controls the rotation of the rota- 
tional electric device 2 in such a manner that the rota- 
tional speed of the input shaft of the transmission device 
becomes a target rotational speed required for a gear 
changing operation. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to a so-called parallel 
type hybrid system wherein an engine and a rotational 
electric motor (motor generator) are provided as power 
sources of a vehicle. 



BACKGROUND ART 

[0002] Japanese Patent Application No. H11-1 60759 
discloses a parallel type hybrid system which compris- 
es: an engine, a transmission device for changing the 
speed of rotation of an input shaft and transmitting said 
rotation to vehicle wheels via an output shaft, a clutch 
for engaging/ disengaging the output shaft of the engine 
with/from the input shaft of the transmission device, a 
rotational electric device serving as an electric motor 
and an electric generator, a power transmission mech- 
anism for coupling the input and output shafts of the ro- 
tational electric device with the input shaft of the trans- 
mission device, and an accumulator element for accu- 
mulating electrical power supplied by the rotational elec- 
tric device. 

[0003] In prior applications of this kind, it can be seen 
that the friction and inertia of the rotational electric de- 
vice acts via the power transmission mechanism on the 
input shaft of the transmission device, thereby placing 
a great load on the synchronous mechanism when 
changing gear, and increasing the gear changing time 
(synchronous time). 



changing operation. 

[0006] Consequently, according to the present inven- 
tion, the rotational speed of the input shaft of the trans- 
mission device is made to converge to a target rotational 
5 speed and rapidly come within the synchronization 
range of the target gear, by means of rotational control 
of the rotational electric device, and hence the synchro- 
nous time can be shortened and the load on the syn- 
chronous mechanism can be reduced. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 



DISCLOSURE OF THE INVENTION 

[0004] It is an object of the present invention to enable 
gear changing operations to be carried out smoothly and 
rapidly in the transmission device of a hybrid system. 
[0005] The hybrid system for a vehicle according to 
the present invention comprises: an engine, a transmis- 
sion device for gearing the speed of rotation of an input 
shaft and transmitting said rotation to vehicle wheels via 
an output shaft, a clutch for engaging/disengaging the 
output shaft of the engine with/from the input shaft of 
the transmission device, a rotational electric device 
serving as an electric motor and an electric generator, 
a power transmission mechanism for coupling the input 
and output shafts of the rotational electric device with 
the input shaft of the transmission device, and an accu- 
mulator element for accumulating electrical power sup- 
plied by the rotational electric device. Moreover, it also 
comprises means for determining gear change instruc- 
tions for the transmission device; means for disengag- 
ing a clutch when a gear change instruction is deter- 
mined; and means for controlling the rotation of said ro- 
tational electric device in such a manner that the rota- 
tional speed of the input shaft of the transmission device 
assumes a target rotational speed required for a gear 



[0007] 

15 Fig. 1 is a system overview showing an embodiment 
of this invention. 

Fig. 2 is an explanatory diagram of the operation of 
the aforementioned system. 
Fig. 3 is an explanatory diagram of the operation of 
20 the aforementioned system. 

Fig. 4 is an explanatory diagram of the operation of 
the aforementioned system. 
Fig. 5 is an explanatory diagram of the operation of 
the aforementioned system. 
25 Fig. 6 is an explanatory diagram of the operation of 
the aforementioned system. 
Fig. 7 is an explanatory diagram of the operation of 
the aforementioned system. 
Fig. 8 is a flowchart describing the control proce- 
30 dure in the aforementioned system. 

Fig. 9 is a map showing the output distribution of an 
engine and motor in the aforementioned system. 
Fig. 10 is a flowchart describing the control proce- 
dure in the aforementioned system. 
35 Fig. 11 is a flowchart describing the control proce- 
dure in the aforementioned system. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 [0008] As shown in Fig. 1 , the power train of a vehicle 
comprises: an engine 1 , a transmission 4 (transmission 
device), and a clutch 3 interposed between the output 
shaft 1 2 (crank shaft) of the engine 1 and the input shaft 
41 of the transmission 4. 
45 [0009] The output of the engine 1 is transmitted via 
the clutch 3 to the input shaft 41 of the transmission 4, 
and during travel of the vehicle, it is further transmitted 
from the output shaft 42 of the transmission 4, via a pro- 
peller shaft, differential gears, and drive shafts, to the 
50 left and right-hand wheels of the vehicle. 

[0010] The engine 1 is constituted by a diesel engine 
or CNG engine (using compressed natural gas as a fu- 
el). The output of the engine 1 is controlled by an elec- 
tronic engine control unit (ECU) 10, as described here- 
55 inafter. 

[0011] The clutch 3 is caused to engage and disen- 
gage by a clutch actuator 31 , and the transmission 4 
performs gear changing by means of a gear shift actu- 
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ator 43 whilst the clutch 3 is engaged/disengaged, on 
the basis of a gear change command from the operator, 
as described hereinafter. The transmission 4 is a trans- 
mission device with a clutch, which performs a gear 
change operation by means of a gear shift actuator 43 
on the basis of a gear change operation signal from a 
change lever unit 23 which issues a gear position com- 
mand corresponding to the position of a change lever 
for gear changing which is operated by the driver. 
[0012] The power train of the vehicle further compris- 
es a motor generator 2, a power transmission mecha- 
nism 5 for coupling the input and output shaft 21 of the 
motor generator 2 with the input shaft 41 of the trans- 
mission 4, and a motor clutch (second clutch) 60 for en- 
gaging/disengaging the motor generator 2 with the pow- 
er transmission mechanism 5. 

[0013] The motor generator 2 uses a permanent mag- 
net type synchronous electric motor (IPM synchronous 
motor). The motor generator 2 is connected to the ac- 
cumulator element 7 via an inverter 6. 
[0014] The inverter 6 converts the stored electrical 
power (DC power) of the accumulator element 7 into AC 
power and supplies it to the motor generator 2, which is 
driven as an electric motor. The inverter 6 also converts 
power generated by the motor generator 2 (AC power) 
into DC power and stores it in the accumulator element 
7. 

[001 5] In the accumulator element 7, in order to gen- 
erate braking energy efficiently and rapidly, without 
causing waste, an electric double-layer capacitor is 
used, which can readily guarantee the output density re- 
quired with respect to the tolerable weight of the vehicle 
battery. 

[0016] The power transmission mechanism 5 is con- 
stituted by a drive gear 51 coupled to the input/output 
shaft 21 of the motor generator 2, a driven gear 53 cou- 
pled to the input shaft 41 of the transmission 4, and an 
idle gear 52 which meshes with the aforementioned 
gears. 

' [001 7] The output rotation of the motor generator 2 is 
geared down by means of the power transmission 
mechanism 5 and transmitted to the input shaft 41 of the 
transmission 4. When the vehicle is regenerating ener- 
gy, the rotation of the input shaft 41 of the transmission 
4 is geared up by means of the power transmission 

• mechanism 5 and transmitted to the input shaft 21 of the 
motor generator 2, thereby performing an electrical 
power generating action. 

[001 8] A hybrid ECU 20 is provided in order to control 
the aforementioned clutch 3, transmission 4, inverter 6, 
engine ECU 10, and so on. 

[001 9] The hybrid ECU 20 is input with various signals 
from: the change lever unit 23 which generates a gear 
position command corresponding to the position of the 
change lever for changing gear; an accelerator opening 
sensor 22 which detects the amount by which the ac- 
celerator pedal is depressed (the accelerator demand 
amount); a brake sensor 26 which detects the amount 



by which the brake is operated (brake demand amount); 
a sensor 44 which detects the output revolution speed 
of the transmission 4; a sensor 54 which detects the 
gear revolution speed in the power transmission mech- 
5 anism 5 (transmission 4 input revolution speed sensor); 
a clutch position sensor 29 which detects engagement/ 
disengagement of the clutch 3; and (although not illus- 
trated in the drawings), a gear position sensor which de- 
tects the shift position of the transmission 4, and a meter 
10 which detects the stored charge (SOC) of the accumu- 
lator element 7, and the like. Furthermore, it is also sup- 
plied with a detection signal from the engine revolution 
sensor 13 which is input to the engine ECU 10. 
[0020] The hybrid ECU 20 controls the clutch actuator 
is 31 , gear shift actuator 43 and inverter 6 on the basis of 
the various signals described above and information 
signals from the engine ECU 10, and it also sends en- 
gine output request signals to the engine ECU 10. 
[0021] Moreover, the hybrid ECU 20 and the engine 
20 ECU 10 are connected in a bidirectional fashion by 
means of communications control means, in such a 
manner that various types of co-operative control can 
be performed, as described hereinafter. 
[0022] The details of the control performed by the hy- 
25 brid ECU 20 are now described. 

[0023] When the vehicle is accelerating or running un- 
der the output of the motor generator 2 only, then it con- 
trols the inverter 6 in such a manner that an output cor- 
responding to the operational amount of the accelerator 
30 is obtained from the motor generator 2, in a state where 
the clutch 3 is disengaged. The output of the motor gen- 
erator 2 is transmitted via the power transmission mech- 
anism 5 to the input shaft 41 of the transmission 4, as 
shown in Fig. 2, and the rotation is transmitted from the 
35 output shaft 42 of the transmission 4 to the propeller 
shaft. 

[0024] When the vehicle is travelling under the output 
of the engine 1 only, then an output request signal is 
sent to the engine ECU 1 0, and the operation of the mo 
40 tor generator 2 is halted, in a state where the clutch 3 is 
engaged. The engine ECU 10 controls the amount of 
fuel supplied to the engine 1 in such a manner that an 
output corresponding to the amount of operation of the 
accelerator is obtained, and this output of the engine 1 
45 is transmitted via the clutch 3 to the input shaft 41 of the 
transmission 4, as shown in Fig. 3, and then from the 
output shaft 42 of the transmission 4 to the propeller 
shaft 49. 

[0025] If the output of the motor generator 2 and the 
so output of the engine 1 are to be used in combination 
during travel of the vehicle, then the inverter 6 is con- 
trolled such that, with the clutch 3 in an engaged state, 
an output request signal is sent to the engine ECU 10, 
and output from the motor generator 2 also can be ob- 
55 tained. The output of the motor generator 2 is transmit- 
ted to the input shaft 41 of the transmission 4 via the 
power transmission mechanism 5, as illustrated in Fig. 
4, and then passes via the current transmission gear 
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and is transmitted from the output shaft 42 of the trans- 
mission 4 to the propeller shaft 49, together with the out- 
put supplied from the engine 1 via the clutch 3. 
[0026] When the vehicle is braking, provided that it is 
possible to store charge in the accumulator element 7, 
the inverter 6 is controlled in such a manner that the 
motor generator 2 is caused to generate electrical power 
from the regenerated braking force which accompanies 
the braking action. The rotation of the vehicle wheels is 
transmitted from the propeller shaft, via the output shaft 
42 of the transmission 4, to the input shaft 41 thereof, 
and then via the power transmission mechanism 5, to 
the input/output shaft 21 of the motor generator 2, as 
illustrated in Fig. 5. Thereby, regenerated electricity is 
created by the motor generator 2 and this electrical pow- 
er passes via the inverter 6 and is used to charge up the 
accumulator element 7. In other words, the energy of 
the vehicle when decelerating is converted to electrical 
energy by the electrical generation process of the motor 
generator 2 and is recovered in the accumulator ele- 
ment 7. The shortfall in the brake demand amount can 
be made up by braking force from electronically control 
brakes (not illustrated), or the like. 
[0027] When charging up the accumulator element 7 
whilst the vehicle is stationary, the clutch 3 is engaged 
with the transmission 4 set to neutral. As illustrated in 
Fig. 6, the rotation of the engine 1 is transmitted from 
the clutch 3 to the input shaft 41 of the transmission 4, 
the power transmission mechanism 5, and the input/out- 
put shaft 21 of the motor generator 2. Consequently, the 
motor generator 2 generates electricity due to the output 
of the engine 1 , and this electrical power charges up the 
accumulator element 7. 

[0028] In order to charge up the accumulator element 
7 when the vehicle is travelling under the output of the 
engine 1 only (see Fig. 3), the motor generator 2 is 
caused to operate as an electric motor. As illustrated in 
Fig. 7, the output of the engine 1 is transmitted via the 
clutch 3 to the input shaft 41 of the transmission 4, and 
then transmitted via the output shaft 42 of the transmis- 
sion 4 to the propeller shaft 49, as well as being trans- 
mitted via the power transmission mechanism 5 to the 
input/output shaft 21 of the motor generator 2. 
[0029] Although the hybrid ECU 20 generates the re- 
quired driving force by means of the motor generator 2 
only, by disengaging the clutch 3, when the vehicle is 
accelerating or running as described above, if the 
amount of electrical charge stored in the accumulator 
element 7 has declined, then it causes efficient opera- 
tion to be performed by adding the output of the engine 
1 to the driving force. 

[0030] Fig. 8 is a flowchart for this control procedure, 
which is executed at prescribed control intervals in the 
hybrid ECU 20. 

[0031] At step 1, it is determined whether or not the 
amount of electrical charge stored in the accumulator 
element 7 is at or below a prescribed value. If the result 
of this judgement is "no", in other words, if the amount 



of accumulated charge is sufficient, then the procedure 
advances to step 2, and the vehicle is driven by means 
of the output of the motor generator 2 only, with the 
clutch 3 in a disengaged state. In this case, the inverter 

s 6 is controlled in such a manner that an output corre- 
sponding to the amount of operation of the accelerator 
is obtained from the motor generator 2. 
[0032] In step 1 , if the accumulated charge is at or 
below the prescribed value, then the procedure advanc- 

w es to step 3 - step 6. 

[0033] In step 3, the clutch 3 is engaged to assume a 
state wherein power can be transmitted from the engine 
1 . Thereupon, at step 4, the output distribution ratio of 
the engine 1 and the output distribution ratio of the motor 

is generator 2 are determined from the map in Fig. 9, on 
the basis of the accumulated charge in the accumulator 
element 7. 

[0034] This map specifies distribution ratios for the 
output of the engine 1 and the output of the motor gen- 

20 erator 2, taking the accumulated charge (SOC) in the 
accumulator element 7 as a parameter. The greater the 
accumulated charge, the greater the output distribution 
of the motor generator 2, and the smaller the accumu- 
lated charge, the greater the output distribution ratio of 

25 the engine 1 . 

[0035] At step 5, the actual output of the engine 1 and 
output of the motor generator 2 are determined on the 
basis of the distribution ratios thus determined and the 
current amount of operation of the accelerator. There- 

30 upon, at step 6, an output request signal corresponding 
to the distributed output of the engine 1 is sent to the 
engine ECU 10, and the inverter 6 is controlled in such 
a manner that the distributed output is obtained from the 
motor generator 2. 

35 [0036] In this way, if the accumulated charge (SOC) 
in the accumulator element 7 is sufficient, then the ve- 
hicle is accelerated or driven by means of the output of 
the motor generator 2 only, with the clutch 3 in a disen- 
gaged state. 

40 [00371 On the other hand, if the electrical power is 
consumed by the driving operation of the motor gener- 
ator 2 and the amount of accumulated charge has de- 
clined to a prescribed value or below, then the clutch 3 
is engaged and supplementary output is provided from 

45 the engine 1, thereby making it possible to expand the 
operational range of the motor generator 2 whilst satis- 
fying the required driving characteristics of the vehicle. 
As the accumulated charge declines, the output load on 
the motor generator 2 is reduced, and hence the accu- 

50 mulator element 7 is prevented from discharging com- 
pletely. 

[0038] In an operational state where the vehicle is be- 
ing driven by the output of the engine 1 (see Fig. 3), a 
gear change operation is performed by the gear shift ac- 
55 tuator 43 on the basis of a gear change operation signal 
from the change lever unit 23 which generates a gear 
position command corresponding to the position of the 
change lever for changing gear operated by the driver, 



4 



7 



EP 1 332 907 A1 



8 



but since the friction and inertia of the power transmis- 
sion mechanism 5 and motor generator 2 act upon the 
input shaft41 of the transmission 4 in this situation, there 
is a great load on the synchro mechanism during gear 
changing, and the gear change time (synchro time) be- 
comes long. 

[0039] Therefore, in this invention, in order to shorten 
the gear changing operation, the hybrid ECU 20 controls 
the rotation of the input shaft 41 by means of the motor 
generator 2 during gear changing, thereby assisting the 
synchro operation of the transmission 4. 
[0040] This control operation is now described with 
reference to the flowchart in Fig. 1 0. 
[0041 ] Firstly, in step 1 , it is determined whether or not 
a gear change command (change of gear position com- 
mand) has been issued, on the basis of the gear position 
command from the change lever unit 23. If the result of 
this judgement is "no", then the procedure advances to 
END. 

[0042] If the judgement at step 1 is "y es *\ in other 
words, if a gear change command has been issued, then 
the processing in step 2 - step 8 is performed, sequen- 
tially. 

[0043] In step 2 and step 3, the clutch 3 is disengaged 
and the transmission 4 is set to neutral (out of gear). 
[0044] In step 4, a target rotational speed for the input 
shaft 41 of the transmission 4 is determined from the 
target gear ratio corresponding to the gear position com- 
mand of the change lever unit 23 and the output rotation 
speed of the transmission 4 (detection signal from the 
rotation sensor 44). 

[0045] Thereupon, in step 5, the rotation of the motor 
generator 2 is controlled in such a manner that the ro- 
tational speed of the input shaft 41 . of the transmission 
4 (as determined on the basis of the detection signal 
from rotation sensor 54) matches the target rotational 
speed. 

[0046]. In step 6, it is determined whether or not the 
rotational speed of the input shaft 41 of the transmission 
4 comes within the synchronization range correspond- 
ing to the target rotational speed. If the result of this 
judgement is n yes°, then the procedure advances to step 
7 and step 8, wherein the transmission is put into the 
target gear and the clutch 3 is engaged, whereupon, af- 
ter engagement of the clutch 3, the rotational control of 
the motor generator 2 is terminated. 
[0047] In this way, in gear change control of the trans- 
mission 4, by controlling the rotation by means of the 
motor generator 2, the rotational speed of the input shaft 
41 of the transmission 4 can be made to converge rap- 
idly to the synchronization range corresponding to the 
target rotational speed, thus allowing major advances 
to be made in shortening the synchro time and reducing 
the load on the synchro mechanism. 
[0048] Next, the control for engaging and disengaging 
the second clutch 60 interposed between the motor gen- 
erator 2 and drive mechanism 5 is described. 
[0049] Fig. 1 1 is a flowchart for controlling the second 



clutch, which is executed at prescribed control intervals 
in the hybrid ECU 20. 

[0050] In step 1 , it is determined whether or not there 
is a motor generator 2 drive request. If the result of this 
5 judgement is "yes", then the procedure advances to step 
2, and the second clutch 60 (motor clutch) is engaged. 
At step 3, the motor generator 2 is driven and caused to 
produce output rotation. 

[0051] The motor generator 2 drive request is not lim- 

10 ited to cases where the transmission 4 is performing a 
gear change operation as described above, but rather 
is also output, for instance, when the vehicle is to be 
driven by the aforementioned motor generator 2 alone, 
when the vehicle is to be driven by a combination of the 

15 engine 1 and the motor generator 2, when electrical 
power is to be generated by driven the motor generator 
2 by means of the engine, or when the motor generator 
2 is to be caused to generate electrical power in order 
to regenerate the kinetic energy of the vehicle when de- 

20 celerating. 

. [0052] On the other hand, when there is no drive re- 
quest, in other words, when the judgement at step 1 is 
"no", then at step 4, the second clutch 60 is disengaged. 
[0053] In this way, by disengaging the second clutch 

25 60 in advance when operation of the motor generator 2 
is to be halted, the load on the drive system is reduced 
in accordance with the inertial weight and friction of the 
motor generator 2, when the vehicle is travelling under 
the output of the engine 1 alone, and hence it is possible 

30 to promote improved fuel consumption of the engine 1 . 
Furthermore, when performing gear change operations 
of the transmission 4 according to the driver's opera- 
tions, by engaging the second clutch 60, it is possible to 
assist the synchro operation by means of the motor gen- 

35 erator2. 

[0054] It is also possible for the second clutch 60 to 
be interposed between the input shaft 41 of the trans- 
mission 4 and the power transmission mechanism 5. 

40 INDUSTRIAL APPLICABILITY 

[0055] The present invention is a parallel hybrid drive 
system which can be used as a drive source for a vehi- 
cle. 

45 

Claims 

1 . A hybrid system for a vehicle comprising an engine, 
50 a transmission device for changing the speed of ro- 
tation of an input shaft and transmitting said rotation 
to vehicle wheels via an output shaft, a clutch for 
engaging/disengaging the output shaft of the en- 
gine with/from the input shaft of the transmission 
55 device, a rotational electric device serving as an 
electric motor and an electric generator, a power 
transmission mechanism for coupling the input and 
output shafts of the rotational electric device with 
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the input shaft of the transmission device, and an 
accumulator element for accumulating electrical 
power supplied by the rotational electric device, 
said hybrid system being characterized by further 
comprising: 

means for determining gear change instruc- 
tions for the transmission device; 
means for disengaging a clutch when a gear 
change instruction is determined; and 
means for controlling the rotation of said rota- 
tional electric device in such a manner that the 
rotational speed of the input shaft of the trans- 
mission device assumes a target rotational 
speed required for a gear changing operation. 

2. The hybrid system for a vehicle according to claim 
1 , wherein said control means determines a target 
rotational speed for the input shaft of the transmis- 
sion device from the target gear based on the gear 
change instruction and the rotational speed of the 
output shaft of the transmission device, and con- 
trols the rotational speed of said rotational electric 
device in such a manner that the rotational speed 
of the input shaft of the transmission device approx- 
imately matches this target rotational speed. 

3. The hybrid system for a vehicle according to claim 
1, wherein a second clutch is interposed between 
said rotational electric device and the power trans- 
mission mechanism, or between the power trans- 
mission mechanism and the transmission device, 
said control means causing the second clutch to be 
disengaged when there is no drive request for said 
rotational electrical device. 
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FIG. 5 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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